Caprine arthritis encephalitis virus (CAEV) is a lentivirus of goats that leads to chronic mononuclear infiltration of various tissues
Caprine arthritis encephalitis virus (CAEV), a lentivirus closely related to maedi-visna virus of sheep (13) , is widespread in the goat population (3, 21) . Infection is transmitted to kids via colostrum and milk, but horizontal transmission may also occur (2, 78) . Like other lentiviruses, CAEV causes persistent infection. However, unlike the human, simian, and feline lentiviruses, CAEV does not cause immune deficiency but instead induces chronic mononuclear inflammation of various tissues (48) . Arthritis of the radiocarpal joints is the most obvious manifestation of CAEV-induced inflammation, but other joints as well as the mammary gland, lungs, and brain may also be affected (19, 20, 22, 23) . Arthritis develops slowly and is characterized by mononuclear cell infiltration of the synovium with lymphocytes, macrophages, and plasma cells (23, 72) . Due to histopathological similarities, CAEV-induced arthritis serves as a model for rheumatoid arthritis (RA) in humans, for which no causative agent has as yet been demonstrated. Dysregulation of cytokine expression is thought to play an important role in the pathogenesis of RA (27) , and it has been speculated that unknown infectious agents may initiate this process, which eventually leads to chronic inflammation despite the apparent absence of an infectious agent (36, 46, 71) . Interestingly, levels of CAEV transcripts or antigen are at the limit of detection in the joints of infected goats until severe clinical arthritis has developed (1, 38a, 72) . The interaction of CAEV with macrophages is particularly relevant for the pathogenesis of arthritis for a number of reasons. These cells are the major hosts for the small ruminant lentiviruses CAEV and maedi-visna virus (4, 29, 49, 78) . Furthermore, macrophages play an important role in immune regulation, both by acting as antigen-presenting cells and by secreting cytokines and lipid mediators with potent biological activities. Macrophage-derived cytokines have been shown to contribute significantly to the destruction of cartilage and bone, a hallmark of late-stage arthritis (10, 27) . In vivo neutralization of macrophage-derived cytokines has been shown to be beneficial in the therapy of several arthritides, most importantly, RA in humans (8, 25) .
In this work, we have investigated whether CAEV alters the expression of cytokines in macrophages, which, in turn, may trigger dysregulated cytokine responses.
Human immunodeficiency virus (HIV) has been shown to modulate cytokine expression in various cell types, including monocytes and macrophages (14, 26, 76) . The trans-acting nuclear regulatory protein Tat encoded by HIV increases the DNA binding activity of the transcription factor nuclear factor-B (NF-B) in T-cell lines (7) and astrocytes (18) . Additionally, HIV Tat has been shown to increase the expression of transforming growth factor ␤1 (TGF-␤1) (77) , tumor necrosis factor ␣ (TNF-␣), TNF-␤ (9), interleukin 2 (IL-2) (70) , and IL-6 (57, 62) . These findings prompted us to study the role of CAEV Tat in the regulation of cytokines in caprine macrophages. We show that CAEV infection of macrophages influences the expression of monocyte chemotactic protein 1 (MCP-1), IL-8, and TGF-␤1 and alters the cytokine responses induced by a range of exogenous stimuli. Interestingly, these effects of CAEV on the expression of cytokines did not depend on the presence of Tat.
MATERIALS AND METHODS
Viruses. The molecularly cloned CO strain of CAEV (59) was propagated on goat synovial membrane (GSM) fibroblast cells in Earle's minimal essential medium (Seromed, Munich, Germany) supplemented with penicillin (100 U/ml), streptomycin (100 g/ml), neomycin (5 g/ml), bacitracin (0.1 U/ml), L-glutamine (2.5 mM), nonessential amino acids, and 7% heat-inactivated fetal calf serum.
The CAEV CO clone lacking almost the entire exon of the regulatory gene tat due to a deletion of nucleotides 5693 to 5934 (60) (termed ⌬tat CAEV) was provided by M. Suzan (Marseille, France). The last 13 nucleotides of tat are still present in the ⌬tat CAEV clone, but no tat RNA of this region was demonstrated in infected cells (66a) . The 50% tissue culture infectious dose per milliliter of virus stocks and culture supernatants was determined by titration on GSM cells (20) . For mock-infection experiments, CAEV stock was inactivated by exposure to UV light for 15 min in a plastic dish on ice (at a distance of 10 cm from the UV bulb; Osram HNS, 15 W). Subsequently, no infectious virus was detected by titration on GSM cells and by RNA slot blot analysis of cells incubated with UV-inactivated virus.
Cell cultures. Peripheral blood mononuclear cells (PBMC) were isolated by centrifugation of citrate-buffered blood from Saanen goats on Ficoll (Seromed). To obtain mature macrophages, PBMC were resuspended in RPMI 1640 medium (Seromed) supplemented with penicillin (100 U/ml), streptomycin (100 g/ml), L-glutamine (2 mM), 2-mercaptoethanol (50 M), HEPES (10 mM), and 10% heat-inactivated goat serum (Sigma, St. Louis, Mo.). PBMC were cultured in Teflon bags made from hydrophobic Teflon foil (FEP 100A; Du Pont De Nemours International S.A., Geneva, Switzerland) for 8 days. Teflon bag-derived macrophages were seeded in tissue culture flasks in RPMI 1640 medium containing 2% goat serum. More than 97% of these cells were positive for nonspecific esterase and exhibited a morphology and cytokine expression pattern typical of macrophages (see Results). Macrophages were infected with CAEV or ⌬tat CAEV at a multiplicity of infection (MOI) of 0.01 or 0.0001. Two hours after infection, the cells were rinsed twice with RPMI 1640 medium without serum and fresh medium containing 4% goat serum was added. Similarly, mock infection was performed with UV-inactivated virus stock (same pre-UV MOI as the CAEV stock). At the times indicated below, the cells were stimulated by the addition of one of the following components: (i) 100 ng of lipopolysaccharide (LPS, Escherichia coli O55:B; Sigma) per ml, (ii) fixed cells of Staphylococcus aureus Cowan I (Pansorbin; Calbiochem, La Jolla, Calif.) at a 1:1,000 dilution, (iii) 200 g of heat-killed Listeria monocytogenes per ml combined with 100 U of recombinant bovine gamma interferon (IFN-␥; Ciba-Geigy, Basel, Switzerland) per ml. These agents were added for either 4 or 24 h without prior replacement of the cell culture medium. At 4 or 7 days postinfection, supernatants were harvested and the cells were washed three times with medium without serum to remove nonadherent or dead cells. Total RNA of adherent cells was isolated with Trizol (GIBCO BRL, Grand Island, N.Y.). For in situ hybridization, macrophages were grown on glass coverslips and fixed in 4% paraformaldehyde in phosphate-buffered saline, pH 7.4, for 20 min. Washed and air-dried coverslips were stored at Ϫ20°C until use.
All viral stocks and supplemented culture media were tested for endotoxin contamination by a Limulus amoebocyte lysate assay (Haemochem Inc., St. Louis, Mo.) and found to contain less than 25 pg of endotoxin per ml.
Riboprobes for slot blot analysis and in situ hybridization. The cDNAs of ovine IL-1␤ (63), IL-8 (64), granulocyte-macrophage colony-stimulating factor (GM-CSF) (53), IL-6, TNF-␣, and MCP-1 (62a) were cloned in pSPT19 (Boehringer, Mannheim, Germany). Ovine IL-12 p40 (62a) and CAEV CO gag (nucleotides 512 to 1858) were cloned in pBluescript (Stratagene, La Jolla, Calif.). Caprine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cloned in pSPT19 was a generous gift of G. Quérat (Marseille, France), and ovine TGF-␤1 (74) in pCR-Script (Stratagene) was donated by C. Woodall (Edinburgh, United Kingdom). All probes were transcribed in vitro from the T7, T3, or SP6 promoter in the presence of digoxigenin-UTP (Boehringer).
RNA slot blot analysis. Total RNA isolated from macrophages was blotted on positively charged nylon membranes (Boehringer) with a slot blot apparatus (Schleicher & Schuell, Keene, N.H.). Multiple 0.5-to 1.5-g RNA aliquots of each RNA sample were applied to the same blot, which was then cut and hybridized with digoxigenin-labeled riboprobes according to standard procedures. CDP-Star (Tropix, Bethesda, Mass.) was used as the chemiluminescent substrate. Chemiluminescent signals were scanned with a Molecular Imager (Bio-Rad, Hercules, Calif.), and intensities were normalized to GAPDH.
In situ hybridization of cytokines and viral RNA in cultured cells. Paraformaldehyde-fixed cells grown on glass coverslips were hybridized as described previously (31, 39) . Briefly, fixed cells were treated with 0.2 g of proteinase K (Boehringer) per ml for 15 min at 37°C, prehybridized for 2 h, and then hybridized overnight at 52°C in a solution containing 50% (vol/vol) formamide and 1 g of digoxigenin-labeled probe per ml. Bound probe was detected with anti-digoxigenin antibody Fab fragments conjugated with alkaline phosphatase (Boehringer), and a color reaction experiment was performed with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate.
Measurement of apoptosis. (i)
In a flow cytometric assay, adherent cells were lysed in 0.1 M citrate (pH 6.5)-1% Triton X-100 and nuclei were stained with propidium iodide. The percentage of apoptotic nuclei was determined by flow cytometry (with a FACScan apparatus; Becton Dickinson, San Jose, Calif.) with Lysis II software. (ii) In a terminal-deoxynucleotidyl transferase-mediated-dUTP nicked-end-labeling assay, macrophages grown on glass coverslips were analyzed for DNA strand breaks with an In Situ Death Detection kit (Boehringer). Percentages of apoptotic cells were determined with a light microscope.
Electrophoretic mobility shift assay (EMSA). Macrophages were infected (MOI ϭ 0.01) with CAEV or ⌬tat CAEV or mock infected and stimulated for 4 h with LPS (100 ng/ml) as indicated in the figures. Nuclear extracts were prepared as described previously (66) . Briefly, cells were lysed in hypotonic buffer (10 mM HEPES [pH 7.9], 60 mM KCl, 1 mM EDTA, 1 mM dithiothreitol [DTT], 0.5% Nonidet P-40, 1 mM phenylmethylsulfonyl fluoride, 5 g of aprotinin per ml, 5 g of leupeptin per ml, 1 mM TPCK [tolylsulfonyl phenylalanyl chloromethyl ketone]) and centrifuged at 500 ϫ g for 5 min at 4°C. The pellet containing the nuclei was washed once in 0.5 ml of hypotonic buffer without Nonidet P-40, and nuclei were then resuspended in a solution containing 250 mM Tris-HCl (pH 7.8), 60 mM KCl, 1 mM EDTA, 1 mM DTT, 0.5% Nonidet P-40, 1 mM phenylmethylsulfonyl fluoride, 5 g of aprotinin per ml, 5 g of leupeptin per ml, and 1 mM TPCK. Nuclear membranes were disrupted by freezing-thawing, the extract was centrifuged at 15,000 ϫ g for 30 min at 4°C, and the nuclear extract supernatant was stored at Ϫ70°C until use.
EMSAs were performed with [␥-32 P]ATP-labeled oligonucleotides (Microsynth, Balgach, Switzerland) containing binding sites for NF-B-c-Rel (5Ј-AGTTGAGGGACTTTCCCAGGC-3Ј) or the collagenase gene TREC-C-1 AP-1 (5Ј-GATCGAGCATGAGTCAGACACA-3Ј). Nuclear extracts (5 g of protein) were incubated in a 20-l reaction mixture containing 10 mM HEPES (pH 7.9), 60 mM KCl, 1 mM DTT, 4% Ficoll-400, 1 mg of bovine serum albumin per ml, and 0.5 mg of poly(dI-dC) per ml for 5 min at room temperature. One microliter of [␥-
32 P]ATP-labeled oligonucleotides (25,000 cpm) was then added in the presence or absence of a 200-fold excess of unlabeled oligonucleotides. The reaction mixture was incubated at room temperature for 20 min, and DNAprotein complexes were separated in a 4% acrylamide-bisacrylamide (30:1) gel in 0.25ϫ TBE (89 mM Tris, 89 mM boric acid, 2 mM EDTA) by electrophoresis at 200 V for 1.5 h at room temperature. Gels were dried and autoradiographed.
RESULTS

CAEV increases the expression of IL-8 and MCP-1 in mac-
rophages. Blood-derived macrophages were infected with CAEV at an MOI of 0.01. Mock infection with UV-inactivated virus served as a control. After 2 h of incubation at 37°C, the cells were rinsed to remove the virus inoculum and total RNAs were isolated from these cultures at 4 or 7 days postinfection. The pattern of cytokine expression of macrophages infected with CAEV for 4 days did not differ from that of mock-infected control cells. In contrast, cells infected for 7 days showed a statistically significant increase in the steady-state expression of the mRNAs of two chemokines, IL-8 and MCP-1 (a 4.8-and 2.8-fold increase, respectively) ( Fig. 1) . This increase was not seen when the cultures were infected with a 100-fold-lower MOI (data not shown), which suggests that a certain threshold of viral replication is required for increased expression of IL-8 and MCP-1 in macrophages. Steady-state levels of TGF-␤1 mRNA were significantly reduced (1.9-fold), and TNF-␣ and IL-1␤ mRNAs were also clearly reduced in infected cultures, but signals for TNF-␣ and IL-1␤ RNAs were too low to be quantified. In the absence of exogenous stimulation, no GM-CSF, IL-6, or IL-12 p40 chain mRNA was detected in macrophages.
Only a subset of infected macrophages shows increased expression of IL-8 and MCP-1. To test whether IL-8 and MCP-1 mRNA expression was increased in all infected macrophages or only in a subset, macrophages grown on glass coverslips were examined by in situ hybridization. Interestingly, only a subset of macrophages showed an increase in the IL-8 hybridization signal at day 7 (33% Ϯ 6%) (Fig. 2) . At that time, almost all cells were infected, as shown by in situ hybridization of viral gag RNA (Fig. 2) . MCP-1 expression was also increased in some, but not all, macrophages at day 7, although the difference in staining intensity between single cells was not as pronounced as for IL-8 (Fig. 2) . It remains to be investigated whether the cells expressing the highest amount of IL-8 or MCP-1 mRNA were those supporting the highest levels of viral replication or whether different subsets of macrophages with different degrees of ability to produce these two chemokines were present.
Apoptosis in macrophage cultures. Other systems have provided evidence that stress factors such as irradiation, oxidation, heat, and metabolic toxins can induce apoptosis and concomitantly activate transcription factors (42, 68, 69, 75) , which, in turn, may influence cytokine expression. We therefore determined the percentages of apoptotic cells in our cultures by both flow cytometry and analysis of DNA strand breaks using the terminal-deoxynucleotidyl transferase-mediated-dUTP nicked-end-labeling assay. Both methods of apoptosis quantification yielded similar results. CAEV infection failed to significantly increase the number of apoptotic cells in macrophage cultures at 7 days postinfection (2.1 to 2.3% apoptotic cells in mock-infected cultures versus 2.5 to 3.6% apoptotic cells in infected cultures). Serum deprivation of macrophages for 4 days, on the other hand, led to a marked rise in the number of apoptotic cells (20 to 22%). This increase was accompanied by a change in the pattern of cytokine expression, which differed from that observed in CAEV-infected cells. The steady-state expression of IL-8 was only slightly increased, and MCP-1 expression was decreased compared to that of normal cultures (data not shown). Therefore, increased expression of IL-8 and MCP-1 mRNAs in CAEV-infected macrophages cannot be explained by virus-induced apoptosis.
Involvement of Tat in IL-8 and MCP-1 expression. It has been shown that the regulatory protein Tat encoded by HIV is able to modulate cytokine expression in human PBMC (57), chondrocytes (41), T-cell lines (9) , and B-lymphoblastoid cells (62) . Considering the wide spectrum of effects demonstrated for HIV Tat, we investigated the role of CAEV Tat on cytokine expression in caprine macrophages. To test whether, in the absence of Tat, CAEV is still able to increase expression of IL-8 or MCP-1, we included in our studies the molecular clone ⌬tat CAEV, which lacks the tat exon. Macrophages were infected with CAEV or ⌬tat CAEV at an MOI of 0.01 or 0.0001, and cytokine expression was evaluated 7 days postinfection. ⌬tat CAEV was slightly less efficient than the wild-type clone at increasing expression of IL-8 and MCP-1 mRNAs in infected macrophages (Fig. 3) . However, statistical analysis (Wilcoxon signed-rank nonparametric statistics) revealed that the differences were not significant, suggesting that Tat might contribute to, but is not required for, enhanced expression of IL-8 and MCP-1. TGF-␤1 mRNA was similarly decreased in CAEVand ⌬tat CAEV-infected macrophages (Fig. 3) .
To confirm that, under the given experimental conditions, the growth kinetics of CAEV and ⌬tat CAEV in macrophages were identical, levels of viral RNA in infected cells and titers of virus in cell culture supernatants were compared. As shown in Fig. 3 , at day 7, levels of expression of viral RNA were similar in macrophages infected with CAEV and ⌬tat CAEV. In agreement with other observations (33), we found no differences in titers of virus in cell culture supernatants of macrophages infected for 2 to 7 days with the same MOI of CAEV or ⌬tat CAEV (results not shown). Similarly, the percentages of cells expressing viral RNA at 4 and 7 days postinfection (MOI ϭ 0.01) were similar in both CAEV and ⌬tat CAEVinfected cells. In situ hybridization of infected macrophages showed that 4 days postinfection, 30.8% (Ϯ9.6%) of the cells in the CAEV-infected culture and 33.6% (Ϯ7.5%) of the cells in the ⌬tat CAEV-infected culture stained positive with a viral gag RNA probe, although the intensity of the in situ hybridization signal was relatively weak. At day 7, 88.5% (Ϯ3.3%) of the cells in the CAEV-infected culture and 92.6% (Ϯ4.5%) of the cells in the ⌬tat CAEV-infected culture stained strongly (Fig. 2) and high titers of virus were reached in the cell culture supernatants of CAEV-as well as ⌬tat CAEV-infected cultures (4.1 ϫ 10 5 to 4.9 ϫ 10 5 50% tissue culture infective doses per ml). CAEV-infected macrophages respond differently to stimulation with LPS. Having demonstrated that infection of macrophages with CAEV influences the pattern of cytokine expression, we tested the response of infected macrophages to exogenous stimulation. Mock-infected and infected macrophage cultures were stimulated with 100 ng of LPS per ml, and levels of expression of cytokine mRNAs were compared 4 or 24 h later. LPS failed to stimulate MCP-1 expression in both uninfected and infected macrophages (data not shown), and stimulation with LPS did not consistently increase the expression of TGF-␤1 mRNA (data not shown). The expression of other cytokines, however, was strongly enhanced by the addition of LPS. Levels of expression of cytokines in response to LPS stimulation did not differ significantly between mock-infected cultures and cultures infected with CAEV for 4 days (data not shown). In contrast, macrophages infected for 7 days and stimulated with LPS for 24 h (from day 6 to day 7 postin-FIG. 1. RNA slot blot analysis of infected and mock-infected macrophages. Total RNA was isolated from mock-infected macrophages or macrophages infected with CAEV at an MOI of 0.01. RNA slot blots were hybridized with digoxigenin-labeled riboprobes. Chemiluminescent signals were scanned, and intensities were normalized to GAPDH. Shown are results of five experiments for which blood samples from three different donors were used. In order to compare different experiments, results are expressed as percentages of the value for the mock-infected internal control. Standard deviations are represented by error bars. Statistically significant differences (P Ͻ 0.05, Wilcoxon signed-rank nonparametric statistics) between results with CAEV-infected cells and those with mock-infected cells are denoted by asterisks. fection) or at day 7 for 4 h expressed less TNF-␣, IL-1␤, IL-6, and IL-12 p40 mRNA than mock-infected control cells did, whereas they expressed IL-8 at similar levels (a representative experiment is shown in Fig. 4 ). The only cytokine for which enhanced expression of mRNA was observed in infected cultures was GM-CSF. Infected macrophages stimulated with LPS for 4 h expressed between 2 and 10 times more GM-CSF than mock-infected cells did, depending on the blood donor.
To test whether the observed pattern of cytokine expression was specific for LPS, we analyzed macrophages stimulated for 4 h with fixed cells of S. aureus Cowan I at a dilution of 1:1,000 or with 200 g of heat-killed L. monocytogenes per ml combined with 100 U of recombinant bovine IFN-␥ (which has been shown to be bioactive in caprine cells [38a] ). The pattern of cytokine expression was very similar to that found in LPSstimulated macrophages. Again, macrophages infected for 7 days showed reduced expression of IL-12 p40 (Fig. 5) , TNF-␣, IL-1␤, and IL-6 mRNAs (not shown) after 4 h of stimulation. The expression of GM-CSF, however, depended on the type of stimulus used (Fig. 5) . In infected cells, stimulation with LPS resulted in enhanced expression of GM-CSF while stimulation with heat-killed L. monocytogenes and IFN-␥ or with S. aureus Cowan I led to a decreased response compared to that of mockinfected controls. Tat did not appear to be involved in the altered expression of cytokines in response to these three stimuli, since both CAEV-and ⌬tat CAEV-infected macrophages showed similar levels of expression of cytokines after stimulation with LPS, S. aureus Cowan I, or L. monocytogenes and IFN-␥.
NF-B and AP-1 activity in macrophages infected with CAEV. CAEV-infected macrophages that were both unstimu- lated and stimulated exogenously clearly showed dysregulated expression of cytokines. Transcription factors play a pivotal role in the regulation of expression of cytokines. Therefore, as a first step towards an understanding of the mechanisms involved in CAEV-induced dysregulation of cytokines, experiments were carried out to examine NF-B and AP-1 activities in infected and uninfected macrophages.
Nuclear extracts of infected and mock-infected macrophages were prepared at 4 and 7 days postinfection and tested in EMSAs using radiolabeled oligonucleotides corresponding to NF-B or AP-1 binding sites. At both time points, levels of constitutive binding activity of NF-B were similar in the nuclei of mock-infected, CAEV-infected, and ⌬tat CAEV-infected macrophages (results of one of four representative experiments are shown in Fig. 6a ). Stimulation with LPS for 4 h resulted in strong increases in DNA-binding activity of NF-B in all cultures. At day 4, similar levels of constitutive DNAbinding activity of AP-1 were observed in infected and uninfected macrophages (not shown). At day 7, however, levels of constitutive DNA-binding activity of AP-1 were reduced in CAEV-and ⌬tat CAEV-infected macrophages compared to that of mock-infected controls (Fig. 6b) . A similar reduction in activity of AP-1 in infected cells was also observed when the cells were stimulated with LPS.
DISCUSSION
CAEV causes persistent infection in goats, which may lead to severe arthritis and mononuclear infiltration of various organs. The pathogenesis of chronic arthritis is largely unknown, but dysregulation of expression of cytokines has been postulated as a possible mechanism of maintaining or exacerbating inflammation (56) . In this study, we tested the hypothesis that CAEV modulates the expression of cytokines in its major host cell, the macrophage. We show that macrophages infected in vitro with CAEV exhibit a dysregulated pattern of expression of cytokines and that infected cells respond differently to exogenous stimulation. Infection of macrophages with CAEV leads to increased expression of the two chemokines MCP-1 and IL-8, while the steady-state expression of TGF-␤1 is reduced (Fig. 1) . TGF-␤1 is a potent suppressor of the proliferation of T and B lymphocytes and the secretion of cytokines. Additionally, TGF-␤1 enhances the growth of some mesenchymal cells and the formation of an extracellular matrix (38) . Reduced activity of TGF-␤1 in caprine arthritis may therefore result in increased proliferation of T and B lymphocytes as well as delayed healing of inflammatory lesions in joints. However, as most cells release TGF-␤1 in a latent form that, depending on the physiological environment, is activated extracellularly (38) , it is currently not known whether the decreased constitutive expression of TGF-␤1 mRNA in CAEV-infected macrophages also leads to decreased bioactivity of TGF-␤1 in vivo.
MCP-1 exhibits chemoattractant activity for monocytes/macrophages and lymphocytes (6, 11, 58) . Furthermore, MCP-1 activates monocytes to express adhesion molecules and to secrete other cytokines (34) . Enhanced expression of MCP-1 in goats infected with CAEV may lead to increased infiltration and activation of monocytes or macrophages as well as lymphocytes at sites where the virus is expressed. Recently, evidence that MCP-1 supports the development of Th2 immune responses in mice has been presented (15) . Furthermore, the addition of MCP-1 to murine macrophages leads to a decreased production of IL-12 upon stimulation with LPS (15) . This finding suggests that MCP-1 not only acts as a chemoattractant but may also modulate immune responses of Th1 and Th2. It is thus possible that the increased expression of MCP-1 in CAEV-infected macrophages is linked to the decreased response of IL-12 p40 observed in these cells.
Apart from CAEV, two other types of lentivirus have also been shown to increase IL-8 in infected cells in vitro, which suggests that this increase may be a common feature in lentivirus infection. Maedi-visna virus infection results in increased expression of IL-8 in alveolar macrophages of sheep (40), and HIV increases the production of IL-8 in blood-derived human macrophages (26, 67) . Lentiviruses, however, are not the only viruses capable of augmenting production of IL-8 in infected cells. For example, the retrovirus human T-cell leukemia virus type 1 (HTLV-1) increases expression of IL-8 in T cells, which is mediated by a Tax-mediated increase in the activity of NF-B (5, 47). Interestingly, HTLV-1 Tax has a functional yet not significant sequence homology with CAEV Tat. Other viruses known to induce IL-8 include the respiratory syncytial virus (44, 52) and the hepatitis B virus (43) .
The role of Tat in the regulation of expression of IL-8 and MCP-1 mRNAs in macrophages has not yet been studied for either HIV or maedi-visna virus. In CAEV-as well as ⌬tat CAEV-infected macrophages, the expression of MCP-1 and IL-8 mRNAs was increased and the expression of TGF-␤1 mRNA was decreased compared to that of uninfected control cells, which clearly demonstrates that CAEV Tat is not required for dysregulating the expression of these cytokines (Fig.  3) . Although no statistically significant differences could be demonstrated, in several experiments, levels of expression of IL-8 and MCP-1 were found to be slightly lower in ⌬tat CAEVinfected macrophages than in wild-type-infected cells. Therefore, the possibility that Tat positively influences the expression of IL-8 and MCP-1 genes, conceivably by interacting with host cell factors, cannot be completely excluded. FIG. 4 . Expression of cytokines in infected macrophages stimulated with LPS. Macrophages were mock infected (dotted bars) or infected with CAEV (MOI ϭ 0.01) (filled bars). The cells were stimulated from day 6 to day 7 (24 h) or at day 7 (4 h) with 100 ng of LPS per ml. RNA slot blots were hybridized with digoxigenin-labeled probes, and intensities of chemiluminescent signals were normalized to GAPDH. Representative results of one of three experiments are shown.
The biological significance of enhanced IL-8 expression in CAEV-infected cells has yet to be investigated. IL-8 is a potent chemoattractant for neutrophils (6), a cell type not commonly found in caprine arthritis. Nevertheless, under certain conditions, IL-8 can also function as a chemoattractant for lymphocytes (30, 61, 73) . It has been shown that synovial tissue extracts from patients suffering from RA contain chemotactic activity for T lymphocytes that has been ascribed to the presence of IL-8 (51) .
HIV Tat has been shown to increase DNA-binding activity of NF-B in certain cell types (18, 24, 62) , and HIV infection of human macrophages leads to increased activity of NF-B (45, 54) . It has been suggested that an autoregulatory loop of HIV Tat expression, TNF-␣ induction, and NF-B activation stimulates HIV transcription in infected cells (7) . In contrast to results with HIV, we found no difference in levels of binding activity of NF-B between mock-infected and CAEV-infected macrophages, and TNF-␣ mRNA or protein was not increased by CAEV (39) (Fig. 6a) . In addition, the presence or absence of Tat had no influence on NF-B activity in infected cells. Unlike HIV, maedi-visna virus and CAEV contain neither TAR-like structures nor NF-B binding sites in the region of the long terminal repeat. Maedi-visna Tat has, moreover, been shown to regulate viral transcription through AP-1 sites in the long terminal repeat, probably by interacting with cellular Jun and Fos proteins (12, 28, 50) . Therefore, HIV and small ru- minant lentiviruses appear not only to regulate viral transcription in different ways (NF-B dependent versus NF-B independent) but also to have different effects on expression of cytokines. Unlike that of NF-B, binding activity of AP-1 was reduced in CAEV-and ⌬tat CAEV-infected macrophages compared to that of mock-infected cells (Fig. 6b) . The reason for this reduced activity of AP-1 in the nuclei of infected cells is not yet known. Since lentivirus-infected cells can contain large numbers of viral DNA molecules in their nuclei (32, 65) , it is conceivable that in cells maximally replicating CAEV, free AP-1 becomes sequestered by viral AP-1-like binding sites, which results in reduced levels of nuclear AP-1.
Considering the fact that no correlation was found between the levels of NF-B and AP-1 activities, on the one hand, and the levels of steady-state expression of IL-8 and MCP-1 mRNAs, on the other hand, we conclude that most likely these transcription factors are not involved in the pathway regulating the increased expression of IL-8 and MCP-1 mRNAs in infected macrophages. HTLV-1, respiratory syncytial virus, and hepatitis B virus all induce IL-8 by an NF-B-dependent mechanism. To our knowledge, this is the first report to show induction of IL-8 mRNA by a viral mechanism which is apparently independent of increased activity of NF-B.
CAEV infection not only affected the constitutive expression of cytokines but also led to a dysregulated pattern of expression in response to exogenous stimulation. Not all cytokine mRNAs were affected similarly, and the results depended on the kind of stimulus used (Fig. 4 and 5) , which suggests that the effect of CAEV on cytokine regulation is a complex one. Since NF-B binding activity was induced to similar extents by LPS in uninfected and CAEV-infected macrophages (Fig. 6a) , altered activation of NF-B is probably not involved in the dysregulated response of CAEV-infected cells in response to exogenous stimulation. Infected macrophages stimulated with LPS, however, showed lower levels of DNA-binding activity of AP-1 than mock-infected cells (Fig. 6b ). Since all cytokines tested in this report contain AP-1 binding sites in their promoters, a CAEV-mediated reduction of activity of AP-1 may well contribute to the reduced expression of IL-1␤, IL-6, IL-12 p40, and TNF-␣ in infected cells.
IL-12 (also termed IL-12 p70) is a heterodimer consisting of two subunits, a 35-kDa protein (p35) and a 40-kDa (p40) protein. In macrophages treated for 4 h with different stimuli, CAEV infection resulted in drastically reduced induction of IL-12 p40 mRNA (3-to 15-fold, depending on the experiment) (Fig. 5) . Interestingly, it has been shown that stimulation of HIV-infected monocytes/macrophages with S. aureus Cowan I leads to reduced secretion of the IL-12 p40 and IL-12 p70 proteins compared to that of uninfected controls (14) . However, IL-12 p70 heterodimer production was shown to depend not only on IL-12 p40 mRNA expression but also on IL-12 p35 mRNA expression (16) . Down-modulated production of IL-12 has been postulated to contribute to the immune dysfunction observed in AIDS patients and might support a Th1-Th2 cytokine shift (14, 17) . Other investigators have suggested that goats suffering from severe chronic arthritis have developed a Th2 immune response to the virus (55, 72) . Inflamed synovial membranes of these goats contain very high numbers of plasma cells, and high titers of immunoglobulin G1 antibodies were found in synovial fluids (35, 37) . Decreased production of IL-12 in CAEV-infected goats may indeed play a role in the defective proliferative responses of lymphocytes to the viral surface glycoprotein SU, a feature observed in goats with severe clinical arthritis (55) .
In conclusion, we have shown that CAEV infection changes the pattern of expression of cytokines in unstimulated macrophages and that infected macrophages respond differently from uninfected cells to exogenous stimulation. We believe the latter finding to be of particular significance in the pathogenesis of goat lentiviral arthritis. Thus, in the synovial tissue, macrophages are exposed to a multitude of signals originating from lymphocytes and other cells present in their vicinity. Priming for a dysregulated expression of cytokines in response to physiological exogenous stimuli as a result of infection may well be a factor involved in the persistence of inflammation as well as in the gradual increase in the sizes and numbers of inflamed areas, which ultimately leads to clinical arthritis.
